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Abstract Vérard and co-workers proposed in an earlier issue of this journal a method to 
reconstruct the 3D palaeogeography “anywhere in the world at any time”. The present con-
tribution is a discussion of some of the assumptions on which the method of Vérard et al. is 
based. The reason for this discussion is that the method will give, at least seemingly, illogical 
outcomes for numerous situations. Moreover, some assumptions used by Vérard and his team 
pose theoretical problems. It is deduced that the method developed by Vérard and co-workers 
may occasionally help, indeed, to obtain a rough picture of the altitude of the sedimentary 
surface on the continents and of the depth of the sedimentary surface in the oceans in the 
geological past. The outcomes should, however, be treated with utmost care as several of the 
assumptions on which the interpretative 3D method is based have no solid basis, so that even 
the rough outcomes of the method must be considered questionable.
1 Introduction
Reconstruction of the worldwide palaeogeography for all 
successive time slices may be considered as the primary 
objective of geology as a fundamental science. In its most 
essential meaning palaeogeography presents the spatial 
configuration of all rock types; for sediments this implies 
the spatial distribution of all sedimentary, erosional and 
other environments. The palaeogeography of a sedimentary 
area at a specific phase of the geological pasty is commonly 
presented in the form of a map. If the map is sufficient-
ly detailed, the processes involved of the sedimentation 
in the various sedimentary environments can be deduced 
from it. This helps to predict how the palaeogeography will 
most probably develop in the next time-slice.
One of the most important features that determine the 
ongoing palaeogeographic development is the relief. The 
palaeogeographic development of an area consequently 
would be much easier to reconstruct if data about the 
relief were available, not only in a qualitative sense, but 
also in a quantitative sense. There were, apart from some 
very specific situations, no reliable methods available until 
now, however, to reconstruct the relief with some accu-
racy. This holds particularly for the altitude at which sedi-
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ment accumulated on the continents; for oceans this holds 
in general as well, although the depth of the sea bottom 
can sometimes, at least in shallow-marine environments, 
be determined on the basis of fossil remains. Exactly that 
was the reason why the Editor-in-Chief of the present jour-
nal welcomed the contribution by Vérard et al. (2015), who 
proposed a method to reconstruct the marine depth and 
continental altitudes at which sediments built up. I fully 
agree that a reliable method to determine hypsometry and 
bathymetry would be a great leap forward in geology, pos-
sibly even the greatest leap since the theory of ocean-floor 
spreading and plate tectonics. 
It must, however, be emphasized that a method with 
potentially enormous significance for the Earth sciences re-
quires a critical look before common acceptance — one 
should first find out whether some flaws may be present. I 
am myself not an expert in the field of isotope-ratio varia-
tions, which are one of the foundations of the method, but 
in my opinion this is not truly relevant here, as the pres-
entation of the method by Vérard and co-workers raises 
some questions (and raises some doubts) regarding some of 
the assumptions on which this method for reconstructing 
the marine and continental 3D palaeogeography is based. 
I want to express explicitly that my comments are not in-
tended to diminish the applicability of the method; on the 
contrary, I hope that Vérard et al. will be able to take away 
my doubts and to reassure the Earth science community of 
the validity of this method. Then, indeed, this would mean 
a great leap forwards in the Earth sciences.
2 Foundation of the method
It seems that at least three points need more clarifica-
tion. The first concerns the foundation of the method used. 
As the authors explain, the method followed is a heuristic-
based one (p. 65). It may be true that it is difficult to imag-
ine that the present-day knowledge of the topic could use 
another approach that might give similar (crude) results, 
but a heuristic approach is, by definition, fairly dangerous: 
it may easily involve some vicarious reasoning, so that the 
outcome may be biased. The authors do not really make 
clear why the outcomes of their approach would be more 
reliable than those of, for instance, the numerous climate 
models that have also a large heuristic component. The 
model would consequently be much more convincing if not 
only were mentioned that the outcomes fit in general fairly 
well with the present-day interpretations, but if the au-
thors would also make clear why the approach is inherently 
different from the current interpretations about, particu-
larly, the depositional depths of marine sediments (which 
are essentially based on the principle of uniformitarianism 
— the present is the key to the past).
The second, related, problem is that the authors do not 
reveal what type of statistics are used and how they are 
applied (“Using statistical analyses, we converted the fea-
tures constituting the model ... into depth or elevation ...”: 
p. 65; “... after global statistics on present-day Earth ...”: 
p. 67). It is well known that the application of different 
types of statistics commonly lead to different outcomes. 
Consequently, the reader should be informed in detail not 
only about the statistical methods that were applied, but 
also whether different types of statistics were applied for 
different analyses.
The third, fairly different, problem that is not touched 
at all concerns the types of sediment. All examples and 
details provided by Vérard and co-workers deal with clastic 
rocks, but how would (and could) the method be applied to 
sediments with another origin (chemical, biogenic, organic, 
pyroclastic)? It seems to me that the method cannot be 
well applied if non-clastic sediments prevail, and I would 
certainly welcome additional information from the authors 
regarding this aspect that would take away any scepticism. 
3 Lacking information
The results of the method are claimed to provide hypso-
metric or bathymetric data for any place on Earth for any 
time. This conclusion must, by definition, be taken with a 
fairly large degree of uncertainty/inaccuracy, because of 
the difference in the rate of change of palaeogeography as 
a consequence of the difference in the speed with which 
the various geological processes take place. Mountain build-
ing, for instance, is a relatively slow process, but erosion is 
still slower, as can easily be deduced from the existence of 
high mountain ranges. This must have consequences for the 
87Sr/86Sr ratio in deposits built by erosion products of rising 
mountain chains. Not all uplift is slow, however, glacio-iso-
static movements change the altitude/depth of large areas 
quickly (within a few thousands of years). 
A good example is the Yoldia Sea in the Baltic area, 
which existed for a thousand years (11,700-10,700 BP) and 
then changed into the Ancylus Lake by rapid glacio-isostatic 
uplift (Mörner, 1995; Raukas, 1995). It seems highly unlikely 
that the palaeogeographic development of an area affected 
by such rapid transitions from marine to continental can be 
traced by the method proposed by Vérard et al. (2015). Yet, 
comparable transitions due to climate fluctuations in the 
Phanerozoic must have taken frequently, considering the 
Ordovician (Brenchley, 1994; Poussart et al., 1999; Young 
et al., 2010) and Permo-Carboniferous ice ages (Beerling, 
2002), and the relatively sudden time-spans of high tem-
perature such as the Paleocene-Eocene Thermal Maximum 
(Sluijs et al., 2006; Zhou et al., 2014). It may be true that 
large glacial ice caps were not truly common in the geologi-
cal past and that they left relatively rare traces (Van Loon, 
2000), but they resulted in important and rapid changes in 
the configuration of the land masses and the depths of the 
seas, and it should be made clear by Vérard and co-workers 
how they think that such rapid changes can be discovered 
by their method.
An entirely different problem that is not faced in the 
article by Vérard and his team is that they make not clear 
what the role is of the accuracy of datings of rocks. In the 
field it is, as a rule, not possible to establish the age of the 
rock units under investigation. The method is, obviously, 
not suitable for igneous rocks, and the question thus arises 
how rocks under study must be dated, and what accuracy 
the dating must have for reliable results. It should be not-
ed in this context that a palaeogeographic reconstruction 
can be made only if the various rock units shown on a map 
have all the same age (or, at least, the sedimentary or ero-
sional surfaces of all rock units should date from the same 
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time). Of course, index fossils can help to determine an 
age, sometimes even quite exactly, but they are commonly 
restricted to specific environments, so that they cannot be 
used for an area characterized by different (sub)environ-
ments, whereas it is just the objective of palaeogeographic 
maps to show such simultaneous environments. What are 
the implications for the reliability of the outcome of the 
method described by Vérard?
4 Problem of the water volume
The depth of the oceans depends primarily on the vol-
ume of the oceanic water (which is taken by Vérard and 
co-workers as the volume under 0 m: p. 73). It is roughly 
1.335 x 1018 m3 (p. 73). During the Phanerozoic hardly any 
oceanic water has gone lost. Changes in the sea-water level 
that are significantly enough to affect the palaeogeography 
of the coastline therefore depend on other parameters. 
One of them is the temperature of the sea bottom. If it is 
high (like in the Late Cretaceous; it is likely that the Late 
Cretaceous highstand was due to increased activity of up-
welling magma through the mid-ocean ridges (Sourkhabi, 
2009; Thompson and Turk, 2009), this must have resulted in 
both vertical expansion of the sea floor and heating, with 
consequent expansion, of  the ocean water: Summerfield, 
2014, p. 440). This led to flooding of coastal lowlands, but 
this effect is volumetrically limited, so that it may not have 
affected the depth of the deep-sea significantly.
Another factor is the volume of ocean water that is 
trapped on land in the form of continental ice sheets. Melt-
ing of all ice on Antarctica and Greenland might lead to a 
rise in the sea level of some 70 m (Fretwell et al., 2013; 
Kusky, 2005, p. 223). During the maximum of the last ice 
age (LGM), the sea-level was some 120 lower than nowa-
days. Combination of these data indicates possible sea-lev-
el variations as a result of climate fluctuations of the order 
of 200 m. This order of magnitude of the variation in the 
height of the sea level was probably not exceeded for the 
Phanerozoic (Kominz, 2004, p. 2613), even though other 
processes such as increased magmatic output via mid-oce-
anic ridges (resulting in high temperatures with expansion 
of the oceanic crust and the ocean water as a consequence: 
Sahagian, 1988), mountain building (Harrison, 1990) and 
continental break-up or assembly (Herrmann et al., 2004) 
may influence the sea-level height; the various processes 
affecting sea-level height should, however, not be superim-
posed, as they did not all take place simultaneously.
In spite of this, Vérard et al. cites (p. 64) sea-level stands 
of 225±42 m (above present sea level) mentioned by EPC 
(1988) for 82 Ma ago, 242 m for 86 Ma mentioned by Hallam 
and Cohen (1989) and even 266 m for 91 Ma mentioned by 
Haq et al. (1987) and Haq and Schutter, (2008). Considering 
not only the data in the previous paragraph but also the 
controversies about the magnitudes of the sea-level fluctu-
ations, it would be interesting to know whether Vérard and 
his team consider these extremely high sea-level stands as 
reasonable (they mention themselves the doubts concern-
ing such magnitudes of the sea-level fluctuations expressed 
by Carter, 1998), whether they investigated rocks that date 
from the above times, whether they found, indeed, such 
extreme depths for the marine sediments deposited on the 
continental flat, and in how far lower values for the ex-
treme highstands would have influenced their model, and 
thus the outcomes for the bathymetry and/or hypsometry 
of other sediments.  
5 Discussion
It is beyond doubt that palaeogeographic reconstruc-
tions would greatly benefit from a tool that would allow 
to find out the depositional depth or altitude of specific 
deposits. It is also beyond doubt that tectonic activity, par-
ticularly in the form of uplift, must have affected the pal-
aeogeography in the geological past, just like it does now. 
That the presence of mountain belts results in erosion is 
also beyond doubt, and I cannot deny that it is most likely 
that changes in the Sr-isotope ratio reflect changes in the 
erosion rate, or at least changes in tectonic activity (cf., 
Müller et al., 2008).
Erosion and sedimentation are, however, not processes 
that occur as exclusive and continuous processes. Just 
because the palaeogeography tends to change with time, 
erosion and sedimentation alternate, commonly both on 
the short and on the long term. This implies that, in the 
course of geological time, sediments of different origin and 
of different ages and of different altitudes/depths become 
mixed up, forming new sedimentary units of a younger age 
and, most commonly, formed in a different environment 
and most likely at a different altitude/depth. This must 
necessarily imply that the newly formed sedimentary units 
contain particles with different inherited Sr-isotope ratios. 
This is, for instance, well comparable with the heavy-min-
eral composition of fluvial sediments deposited in a river 
with a catchment in which rocks of different ages are ex-
posed; and if several rivers are responsible for the sediment 
input in a lake or a sea, the lacustrine or marine sediments 
will have a heavy-mineral composition that is based on 
even more mixing (Do Nascimento et al., 2015; Li, 2015). 
Even the surfaces of quartz grains can reveal the different 
origins of sediment (Woronko et al., 2015). Would a similar 
mixing not occur of sediments with Sr-containing minerals 
derived from different sources? It seems that Vérard et al. 
did not take this into consideration in their model. In how 
far do they think that this might affect the reliability of 
their model?
It is true that palaeogeography has made enormous steps 
forward in the past decades, thanks to different approaches, 
but in practice we could until now reconstruct the palaeo-
geography of an area (however large or small, however de-
tailed or crude) only in two dimensions. I would welcome, 
indeed, the possibility to add a third dimension, and I am 
very willing to replace the practices that are commonly fol-
lowed nowadays by a 3D tool if it were available. 
In modern society it is common use now to apply new de-
vices and new techniques, just because they are new; I do 
not: I want to apply a new technique only if I am convinced 
that it is better than the old ones. Regarding the model 
described by Vérard and co-workers, I must admit that I’m 
not convinced; let’s hope, not convinced yet. I certainly do 
not exclude the possibility that the method could give fairly 
accurate results, but I cannot judge as long as the develop-
ers do not answer several critical questions, or if they do 
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not provide (perhaps because of restrictions related to the 
copyright and/or the licensing) all underlying data.
6 Conclusions
The model proposed by Vérard et al. (2015) to enable 
3D reconstruction of the palaeogeography in the geologi-
cal past might prove to be an enormous step forwards. It 
is, however, impossible to judge the reliability of the out-
comes already now because many aspects of the model 
remain unclear. It also seems unlikely that the model can 
provide a reliable 3D palaeogeography for thin time slices 
in areas where the conditions changed rapidly. It is there-
fore in my opinion, as long as no more convincing details 
are provided, too early to state, as the authors do, even 
in their abstract, that the model has “the advantage of 
being applicable anywhere on the globe and at any geologi-
cal time”. The foundations of the model are not yet solid 
enough.
References
 1. Beerling, D.J., 2002. Low atmospheric CO2 levels during the 
Permo-Carboniferous glaciation inferred from fossil lycopsids. 
Proceedings of the National Academy of Sciences, 99, 12567-
12571.
 2. Brenchley, P.J., 1994. Bathymetric and isotopic evidence for a 
short-lived Late Ordovician glaciation in a greenhouse period. 
Geology, 22, 295-298.
 3. Carter, R., 1998. Two models: Global sea-level change and 
sequence stratigraphic architecture. Sedimentary Geology, 
122, 23-36.
 4. Do Nascimento, D.R., Sawakuchi, A.O., Guedes, C.C.F., Gi-
annini, P.C.F., Grohmann, C.H., Ferreira, M.P., 2015. Prov-
enance of sands from the Amazon and Madeira rivers based 
on detrital heavy minerals and luminescence of quartz and 
feldspar. Sedimentary Geology, 316, 1-12.
 5. EPC (EXXON Petroleum Company), 1988. The EXXON “global” 
sea-level curve. Unpublished.
 6. Fretwell, P., Pritchard, H.D., Vaughan, D.G., Bamber, J.L., 
Barrand, N.E., Bell, R., Bianchi, C., Bingham, R.G., Blank-
enship, D.D., Casassa, G., Catania, G., Callens, D., Conway, 
H., Cook, A.J., Corr, H.F.J., Damaske, D., Damm, V., Ferrac-
cioli, F., Forsberg, R., Fujita, S., Gim, Y., Gogineni, P., Griggs, 
J.A., Hindmarsch, R.C.A., Holmlund, P., Holt, J.W., Jacobel, 
R.W., Jenkins, A., Jokat, W., Jordan, T., King, E.C., Kohler, 
J., Krabill, W., Riger-Kusk, M., Langley, K.A., Leitchenkov, 
G., Leuschen, C., Luyendyk, P.J., Matsuoka, K., Mouginot, J., 
Nitsche, F.O., Nogi, Y., Nost, O.A., Popov, S.V., Rignot, E., 
Rippin, D.M., Rivera, A., Roberts, J., Ross, N., Siegert, M.J., 
Smith, A.M., Steinhaghe, D., Studinger, M., Sun, B., Tinto, 
B.K., Welch, B.C., Wilson, D., Young, D.A., Xiangbin, C., Zi-
rizzotti, A., 2013. Bedmap 2: Improved ice bed, surface and 
thickness datasets for Antarctica. The Cryosphere, 7, 375-
393.
 7. Hallam, A., Cohen, J., 1989. The case for sea-level change as 
a dominant causal factor in mass extinction of marine inver-
tebrates. Philosophical Transactions of the Royal Society B 
(Biological Sciences), 325, 437-455.
 8. Haq, B., Hardenbol, J., Vail, P., 1987. Chronology of fluctuat-
ing sea levels since the Triassic. Science, 235, 1156-1167.
 9. Haq, B., Schutter, S., 2008. A chronology of Paleozoic sea-
level changes. Science, 322, 64-68.
 10. Harrison, C.G.A., 1990. Long term eustasy and epeirogeny 
in continents, in: US National Research Council Geophysics 
Study Committee: Sea-Level Change. USNRS, Washington, pp. 
141-158.
 11. Herrmann, A.D., Haupt, B.J., Patzkowski, M.E., Seidov, D., 
Slingerland, F.L., 2004. Response of Late Ordovician pale-
oceanography to changes in sea level, continental drift, and 
atmospheric pCO2: Potential causes for long-term cooling and 
glaciation. Palaeogeography, Palaeoclimatology, Palaeoecol‑
ogy, 210, 385-401.
 12. Kominz, M.A., 2004. Sea level variations over geologic time, 
in: Selley, R.C., Cocks, R., Plimer, I., (Eds.), Encyclopedia of 
Geology. Academic Press, Elsevier, pp. 2605-2613.
 13. Kusky, T., 2005. Encyclopedia of Earth Science. Facts on File, 
New York.
 14. Li, G., Yan, W., Zhong, L., Xia, Z., Wang, S., 2015. Provenance 
of heavy mineral deposits on the northwestern shelf of the 
South China Sea, evidence from single-mineral chemistry. 
Sedimentary Geology, 363, 112-124.
 15. Mörner, N.A., 1995. The Baltic Ice Lake - Yoldia Sea transi-
tion. Quaternary International, 27, 95-98.
 16. Müller, D., Sdrolias, M., Gaina, C., Steinberger, B., Heine, C., 
2008. Long-term sea-level fluctuations driven by ocean basin 
dynamics. Science, 319, 1357-1362.
 17. Poussart, P.F., Weaver, A.J., Bames, C.R., 1999. Late Ordovi-
cian glaciation under high atmospheric CO2: A coupled model 
analysis. Paleoceanography, 14, 542-558.
 18. Raukas, A., 1995. Evolution of the Yoldia Sea in the eastern 
Baltic. Quaternary International, 27, 99-102.
 19. Sahagian, D.L., 1988. Ocean temperature-induced changer 
in lithospheric thermal structure: A mechanism for long-term 
eustatic sea level change. Journal of Geology, 96, 254-261.
 20. Sluijs, A., Schouten, S., Pagani, M., Woltering, M., Brinkhuis, 
H., Damsté, J.S.S., Dickens, G.R., Huber, M., Reichart, G.J., 
Stein, R., Matthiessen, J., lourens, L.J., Pedentchouk, N., 
Backman, J., Moran, K., the Expedition 302 Scientists, 2006. 
Subtropical Arctic Ocean temperatures during the Palaeo-
cene/Eocene thermal maximum. Nature, 441, 610-613.
 21. Sourkhabi, R., 2009. Mid Cretaceous source rock enigma. 
http://www.geoexxpro.com/magazine/vol-6-mo-5 (accessed 
March 17, 2015).
 22. Summerfield, M.A., 2014. Global Geomorphology. Routledge, 
Abingdon/New York.
 23. Thompson, G.R., Turk, J., 2009. Earth Science and the Envi-
ronment (4th Edition). Thomson Higher Education, Belmont, 
CA.
 24. Van Loon, A.J., 2000. The strangest 0.05% of the geological 
history. Earth-Science Reviews, 50, 125-133.
 25. Vérard, C., Hochard, C., Baumgartner, P.O., Stampfli, G.M., 
2015. 3D palaeogeographic reconstructions of the Phanero-
zoic versus sea-level and Sr-ratio variations. Journal of Pal‑
aeogeography, 4, 64-84.
 26. Woronko, B., Pisarska-Jamrozy, M., Van Loon, A.J., 2015. Sur-
face textures of quartz grains from sandurs and an ice-mar-
ginal valley in NW Poland as a tool for the reconstruction of 
sediment provenance and of transport processes. Geologos, 
21, in press.
 27. Young, S.A., Saltzman, S.R., Ausich, W.I., Desrochers, A, Kal-
jo, D., 2010. Did changes in atmospheric CO2 coincide with 
latest Ordovician glacial-interglacial cycles? Palaeogeogra‑
phy, Palaeoclimatology, Palaeoecology, 296, 376-388.
 28. Zhou, X., Thomas, E., Rickaby, R.E.M., Winguth, A.M.E., Lu, 
Z., 2014. I/Ca evidence for upper ocean deoxygenation during 
the PETM. Paleoceanography, 29, 964-975.
(Edited by Min Liu)
